After "floral-dip" transformation of Amaranth plants with Agrobacterium tumefaciens strain GV3101 carrying pCBV19 gene vector that contained bar and gus genes, transgenic seeds were obtained. The functioning of the tran+sferred genes in Amaranthus tissues was confirmed with herbicide selection (PPT herbicide -phospinotricin) and gus gene activity. Positive results were obtained for cultivars "Karmin" and "Kremoviy rannii". The percentage of GUS positive samples was 1% (for "Karmin"), 2.2% (for "Kremoviy rannii") from the total initial quantity of plants that was prior to selection with the herbicide. The seeds of six amaranth cultivars were received after treatment with A. tumefaciens by the method "floral dip". The lowest lethal dose of herbicide PPT was established -40 mg/l. After spraying with herbicide, resistant plants were obtained for cultivars: "Kremoviy rannii" (21%) and "Karmin" (20%). After conduction of PCR analysis, positive results were obtained for four cultivars. The percentage of bar positive plants was 0.3% ("Helios"); 0.26% ("Sterkch"); 0.06% ("Kremoviy rannii"); 0.3% ("Rushnichok") from total initial quantity of plants.
INTRODUCTION
Amaranth (food of the Aztecs) is still not widely used as an agricultural plant despite its many advantages such as a high protein content (13-29%) (Zeleznov et al., 2009), and high yield, when one plant can produce up to 50,000 seeds (Munusamy et al., 2013). Although highly valuable, genetic transformation of amaranths has not been developed. One of possible application of transgenic amaranth plants might be "molecular farming", that is, production of pharmaceutical proteins in plants.
The aim of this work was to evaluate the functioning of transiently transferred gus gene in amaranth tissues, to detect the lowest lethal dose of PPT herbicide on amaranth seedlings, and to obtain transgenic plants of amaranth after the "floral-dip" genetic transformation by using A. tumefaciens (pCBV19).
MATERIALS AND METHODS

The transient expression of the transferred genes in the leaves of Amaranthus
The objects of research were cultivars of species of Amaranthus caudatus L.: "Helios", "Karmin", "Kremoviy rannii", "Rushnichok", hybrids: A. caudatus × A. paniculatus L. -cv. "Sterkh", A. caudatus × "Sterkh" -cv. "Zhaivir", the seeds were obtained from M. M. Grishko Botanical Garden of the National Academy of Sciences of Ukraine.
The goal was to check and evaluate the functioning of pCBV19 gene vector of A. tumefaciens ( Fig. 1 ) in transiently transformed Amaranthus leaves.
For this purpose we used the method of vacuum infiltration (Martins et al., 2015) and detection of gus activity (Jefferson, 1987) . As an infection agent, we used A. tumefaciens gene construction pCBV19 which contained bar and gus genes.
The seeds were germinated in pots with soil and were grown in a greenhouse (22-26°C, 14-hour light period, illumination 3000-4500 lx).
After two months of growing in the greenhouse, plants were infiltrated with strain A. tumefaciens.
First, A. tumefaciens was sown in the liquid LB medium (for 24 h mixing on shaker). We added 1 ml of A. tumefaciens into 50 ml of medium with 0.2 mM of acetosiringone. Next, Agrobacterium was centrifuged for 12 min, 5000 rpm and was resuspended into the medium with sucrose (50 g/l + 0.2% super wetting agent Silwet) (Munusamy et al., 2013) .
Infiltration of whole plants was carried out in the flask with the medium containing A. tumefaciens (for 5-10 min, 22-24°C) in the vacuum chamber under pressure of 0.1 mPa.
Detection of gus genes (β-glucuronidase activity) was carried out by histochemical assay on fourth day after infiltration in the presence of its specific substance, X-gluc (5-bromo-4-chloro-3-indolyl-β-D-glucuronide by Jefferson (Jefferson, 1987) . The leaves of the infiltrated and control (without infiltration) plants were taken and incubated in gus histochemical buffer (50 Mm sodium phosphate, pH 7.0; 50 mM EDTA, pH 8.0; 0.5 mM K 3 Fe(CN) 6 ; 0.5 mM K 4 Fe(CN) 6 ; 0.1% Triton X-100; 1 mM X-gluc).
Gus reaction was stopped after 24 h of incubation at 37°C in the dark, then rinsed five times in 70% ethanol at 1 h intervals. After that, leaves were placed on microscope slides for observation. Specific activities were detected visually by the appearance of staining of plant tissues in blue colour.
The possibility of endogenous gus expression was tested by subjecting uninfiltrated leaves (negative control). Leaves of stably transformed Nicotiana tabacum were used as positive control. Determination of the lowest lethal dose of PPT herbicide (phosphinothricin) on amaranth seedlings Seeds obtained from plants not subjected to agroinfiltration were sown in plastic pots with soil and grown in greenhouse conditions (22-26°C, 14-hour light period, illumination 3000-4500 lx). At the age of two weeks, the seedlings were sprayed with PPT herbicide of different concentrations of (10 mg/l, 20 mg/l, 40 mg/l). The amaranth plants were used as negative control grown without PPT spraying. Determination of the lowest lethal dose of PPT herbicide on uninfiltrated with Agrobacterium seedlings was conducted in order to fulfil further selection of assumedly transformed seedlings with the same herbicide in the presence of bar gene. A. tumefaciens with the recombinant vector from the glycerol stocks was sown in the liquid LB medium (incubated at 28°C for 24 h mixing on shaker). After 24 h of incubation, 1 ml of A. tumefaciens (bacterial cell density 10 9 cell ml -1 ) was added into 50 ml of medium with 0.2 mM of acetosiringone. Next, Agrobacterium was centrifuged for 12 min, 5000 rpm. Then, it was resuspended into medium with sucrose (50 g/l + 0.2% super wetting agent Silwet) (Munusamy et al., 2013) .
At the age of two months, amaranth inflorescences (when the size of inflorescences was in the range of 5-8 cm) were infiltrated according to the "floral-dip" method (Zhang et al., 1999) . For this purpose the inflorescences of Amaranthus were dipped into a flask with medium containing sucrose (50 g/l) + 0.2% super wetting agent Silwet and A. tumefaciens (for 10 min, 24-26°C). An equal quantity of Amaranthus plants were infiltrated by the "floral-dip" method (50 plants for each variety; 20 plants were not treated with a suspension to obtain seeds of control plants). The amaranth plants were infiltrated in a shaded area away from direct sunlight. Then, a cellophane package was put on each inflorescence after the infiltration. The plants were left in similar conditions overnight. On the next day, the cellophane packages were changed to paper packages. Plants were allowed to grow in greenhouse conditions until 50% of the plants became yellow (the seed maturity phase).
The same varieties of Amaranthus grown under the same conditions as those of the infiltrated plants, but without agrobacterial infiltration, were used as negative control.
More than 10,000 mature seeds (T 1 ) were harvested and stored according to Curtis (Curtis, 2004) and Bent (Bent, 2006) . The seeds were harvested when the age of plants was 82 days for variety "Zhaivir", 102 days for variety "Karmin" and "Helios", 113 days for variety "Rushnichok" and "Kremoviy rannii", and 123 days for variety "Sterkh".
The post-harvesting period for the seeds from "floral-dipped" plants continued during 120 days. After this period, the seeds were sown in plastic pots with soil and grown in greenhouse conditions (22-26°C, 14-hour light period, illumination 3000-4500 lx).
To screen for the presence of bar and gus genes, 2500 seeds and 200 seeds obtained from control plants (grown without treatment with Agrobacterium) were sown separately. The seedlings obtained from "floral-dipped" and control plant seeds were treated at the age of two weeks with a PPT herbicide at a concentration of 40 mg/l (screening for the resistant plants holding a bar gene).
The next step was detection of the gus gene presence in selected resistant plants by histochemical assay (GUS activity) (Jefferson, 1987) . The surviving seedlings at the age of three weeks were used for the conduction of this experimental step.
After performing these stages of the experiment, a statistical analysis of the bar-and guspositive plants was carried out.
Genomic DNA was isolated by the CTAB method (Stewart & Via, 1993) . For the PCR analysis, we used the reaction mixture of the following composition: 2 µl single PCR buffer with ammonium sulphate (Dream Taq Green Buf.), 1 µl primers, 2 µl deoxyribonucleotide triphosphate (dNTP), 0.15 µl FirePol DNA Polymerase, 1,5 µl DNA (20-30 ng/ml DNA). The volume of the reaction mixture was 20 µl.
To identify the bar gene, primers 5'-CATC-GAGACAAGCACGGTCA-3' and 5'-GAAAC-CCACGTCATGCCAGT-3' were used. The expected size of the amplification product for bar gene was 405 bp. Amplification conditions: initial denaturation at 94°C for 4 min, denaturation at 94°C for 30 sec, annealing at 65°C for 30 s, extension at 72°C for 1 min for the first cycle followed by 34 cycles each. Final polymerization was at 72°C for 5 min. The size of the expected amplicon was 405 base pairs (b.p.).
RESULTS AND DISCUSSION
Usually achievements of plant genetic engineering connect with the optimization of methods of agrotransformation and factors influencing the transfer of a selective marker and/or reporter gene via Agrobacterium to the plant cell. This is followed by the alien gene integration in the recipient plant genome and subsequently its expression and stability in the transgenic plants. Considering the useful properties of Amaranthus plants, the present work was conducted with an aim of identifying the functioning of pCBv19 gene vector of Agrobacterium tumefaciens in amaranth tissues, detecting the lowest lethal dose of PPT herbicide on amaranth seedlings, and obtaining transgenic amaranth plants after genetic transformation with use of strain GV3101 of A. tumefaciens (pCBV19).
The first step of the experiment was detection of the functioning of pCBV19 gene vector of Agrobacterium tumefaciens in amaranth tissues. For this purpose, gus reaction was conducted. It is known that a correct interpretation of the obtained results of gus reaction can face several problems.
For example, residual Agrobacterium adhering to non-transformed plants in culture might leads to false gus positive results in a standard histochemical assay and, thus, may complicate analysis of results of transformation.
To avoid such a situation, a portable plant intron was introduced into the coding sequence of β-glucuronidase gene (gus) to interrupt the open reading frame (Vancanneyt et al., 1990) . Gus-intron chimeric gene constructs were safely and successfully used in Agrobacterium-mediated genetic transformation of sev- One obvious complication arises due to differences in the copy number of transgenes present in independent transgenic plants. A positive correlation between high copy number and expression of transgenes was reported in potato, tobacco, and rice (Gendloff et al., 1990 ; van der Hoeven et al., 1994). However, a negative correlation was reported for petunia, maize, and tobacco (Hobbs et Our results of transient GUS activity after infiltration were not positive for all plants either.
The GUS activity result was positive for two varieties ("Karmin" and "Helios") (the sites featuring blue colour). Positive sites were in the area of midrib and lateral vein (Figs. 2, 3) .
Histochemical reaction with the GUS enzyme was performed with X-gluc. In leaves the 35S promoter was strong in veins (mainly in midrib). Gus expression was prominent in hypocotyl and cotyledon vascular bundles of seedlings. High expression of the gus gene was detected in the root tip. Thus it is obvious that expression of the gus gene was high in the areas of meristematic tissues. Our results of the localization of gus genes in plants with transient expression are similar to those which were obtained by Jan Jasic (Jasic et al., 2011).
Due to a possible escape rate (obtaining of false positive results) of non-transformed plants, it was necessary to make a compromise with the survival percentage of the putative transformed and non-transformed plants.
That is why the second step of the experiment was determination of the lowest lethal dose of PPT herbicide on non-transformed amaranth seedlings. There were no significant differences between plants treated with 10 and 20 mg/l herbicide concentrations. The lowest lethal dose was the 40 mg/l concentration of phosphinothricin (Fig. 4) .
This dose of herbicide (40 mg/l) was lethal for 100% of non-transformed Amaranthus plants, but a certain quantity of assumedly transformed plants remained alive which may indicate they were resistant and it can be assumed that they had a built-in bar gene (Harrison et al., 2006). Also there are two studies dedicated to the transformation through amaranth inflorescence. Umaiyal Munusamy with co-authors used the construction with selective genes (Munusamy et al., 2013) , and Taipova conducted experiments with Amaranthus retroflexus, A. viridis, A. cruentus (Taipova, Kuluev, 2015) .
In both works asserted that positive and promising results were obtained and they obtained transgenic seeds. Their results do not seem convincing, though. Umaiyal Munusamy and his colleagues did not indicate the species of the amaranth they worked with, while Taipova did not indicate the kind of bacteria they worked with. The results of the biochemical and genetic analysis, referring to which it would be possible to state with accuracy that they received transgenic seeds, are not shown.
For the first time, we have the obtained transient expression and transgenic seeds for the cultivars of Amaranthus caudatus L.
After spraying with herbicide, resistant plants were obtained for two cultivars: "Kremoviy rannii" and "Karmin". The percentage of A. caudatus cv. "Kremoviy rannii" plants resistant to the effect of the herbicide PPT (40 mg/l) was 21% (68 plants out of 320), and of cv. "Karmin" 20% (137 plants out of 688) (Fig. 5) .
Positive results for GUS activity after "floraldip" infiltration with A. tumefaciens were obtained for the "Kremoviy rannii" and "Helios" cultivars (Fig. 6) .
The frequency of obtaining plants with guspositive sites (sites featuring blue colour) was 1% for cv. "Kremoviy rannii" (1 plant from 68), and 2% for cv. "Karmin" about (3 plants out of 137) (Fig. 6) .
It is not yet clear why positive result were obtained for only these varieties. Perhaps they are more susceptible to Agrobacterium tumefaciens than the other varieties we tested. To clarify these reasons, further researches will be required. Actually, the percentage of obtained gus-positive plants corresponds to the results reported by Clough and Bent (Clough, Bent, 1998) . The transformation frequency for "floral-dip transformed" Arabidopsis thaliana was in the range of 0.5 to 3%.
During the analysis of 39 samples of the tested cultivars of species A. caudatus L.: "Helios", "Karmin", "Kremoviy rannii", and "Rushnichok", and hybrids: A. caudatus × A. paniculatus L. -cv. "Sterkh", A. caudatus × "Sterkh" -cv. "Zhaivir", the presence of the DNA fragment with 405 bp size for four cultivars "Sterkch", "Kremoviy rannii", "Rushnichok", and "Helios" was discovered. This confirms the presence of the bar gene in the transformed plant (Fig. 7) . The percentage of bar-positive plants was 0.3% ("Helios"); 0.26% ("Sterkch"); 0.06% ("Kremoviy rannii"); 0.3% ("Rushnichok") from the total initial quantity of plants. 
CONCLUSIONS
The functioning of pCBV19 gene vector of Agrobacterium tumefaciens was evaluated in amaranth tissues. After vacuum infiltration of Amaranthus plants, the result of gus activity was positive for two cultivars of A. caudatus, "Karmin" and "Helios".
The seeds of six varieties of amaranths were obained after treatment with A. tumefaciens by the "floral-dip" method. The lowest lethal dose of herbicide PPT was established at 40 mg/l.
After spraying with the herbicide, resistant plants were obtained for two cultivars: "Kremoviy rannii" and "Karmin". Percentage of resistant plants A. caudatus cv. "Kremoviy rannii" to the effect of the herbicide PPT (40 mg/l) was 21% (68 plants out of 320). Percentage of resistant plants A. caudatus cv. "Karmin" was 20% (137 plants out of 688).
After a histochemical reaction for detection of gus genes in amaranth plants, a positive result was obtained for cultivars: "Kremoviy rannii" and "Karmin". The frequency of obtaining plants with gus positive sites was for cv. "Kremoviy rannii" 1%, for cv. "Karmin" 2.2%.
After conduction of PCR analysis, were obtained positive results for 4 cultivars. The percentage of bar positive plants was 0.3% ("Helios"); 0.26% ("Sterkch"); 0.06% ("Kremoviy rannii"); 0.3% ("Rushnichok") from total initial quantity of plants.
